We estimate the impact of dollar changes on the value of German DAX corporations, using APT-modelling for the period 1977 -1995. Several macroeconomic risk factors, including the dollar and a residual market factor representing the general market risk, are specified. The general notion is that the export-oriented German companies should benefit from increasing dollar values. We find time-varying dollar exposure presumably depending on the prevailing trade regime. Dollar sensitivity is positive as expected in periods with a positive trade balance, whereas it turns negative in periods with a negative trade balance (e.g., in the first half of the 1980s). APT-modelling simultaneously considers exchange rate exposure and risk-premia of macroeconomic risk factors, the latter also being unstable over time.
Introduction
It is generally assumed that there is a negative correlation between the German stock market and the euro/$ exchange rate, as is revealed by financial press headlines. 1 According to conventional wisdom, the German economy is strongly export oriented and therefore usually benefits from a strong dollar as dollar-denominated export revenues rise. Therefore, there should be a measurable currency exposure of the German stock market.
Currently there is only limited evidence on the currency exposure of German companies. Entorf and Kabbalakes (1998) , analysing DAFOX sector stock indices, detected significant positive exposure for certain industries such as chemicals, motor cars and machinery, steel production and holdings, suggesting that exposure is mainly driven by exporting activities. Bartram (2002) identifies linear as well as non-linear components of exchange rate exposure. Entorf and Jamin (2003) , using rolling-regression techniques, find time-varying exchange rate exposure which depends positively on the ratio exports/GDP and negatively on the ratio imports/GDP, thus supporting the assumed impact of foreign trade on currency exposure, and the deviation of the exchange rate from its long-run median level.
This paper complements the aforementioned papers by addressing the issue of exchange rate exposure of German companies using APT modeling. APT, pioneered by Ross (1976) , allows for answering two questions: First, what is the exposure of a company to changes of the exchange rate? Exchange rate exposure is usually defined as the change of the value of the firm in response to exchange rate fluctuations (see Adler and Dumas, 1984) and therefore corresponds to the factor sensitivity estimated in APT models. Second, is the exchange rate risk significantly priced in the market, i.e., do investors demand a higher expected rate of return on stocks with a high exchange rate exposure? We examine 28 large German companies comprising the DAX, the leading stock index of the Frankfurt stock exchange over a period from 1977 -1995. This time period excludes the turbulences in the aftermath of the breakup of the Bretton Woods system as well as potential rebalancing of currency holdings by investors in expectation of the advent of the euro, the common European currency, in 1999.
1 See e.g., Süddeutsche Zeitung 6 th of October, 2003: "Duisenberg fears too quick depreciation of dollar"
("Duisenberg fürchtet zu schnelle Dollar-Abwertung").
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The novelty of our approach is to simultaneously consider exchange rate exposure and risk-premia of macroeconomic risk factors. We find time-varying dollar exposure presumably depending on the prevailing trade regime. Dollar sensitivity is positive as expected in periods with a positive trade balance, whereas it turns negative in periods with a negative trade balance (e.g., in the first half of the 1980s). In addition, we also find that risk premia are unstable over time.
This paper is organised as follows. In Section 2, we present our estimation methodology.
Section 3 describes our data, whereas Section 4 presents the results. Section 5 offers a brief conclusion.
Methodology
The well-known Arbitrage Pricing Theory (APT) developed by Ross (1976) λ is the risk-free rate, and K λ is the vector of risk premia for the K factors. Thus, estimating APT-models allows for the joint determination of factor sensitivities, with special 2 The importance of using several macroeconomic risk factors instead of only the dollar and the market risk in order to avoid an omitted variable bias is explained in more detail in Entorf and Jamin (2003) .
interest in the coefficients representing exchange rate exposures, i.e. in the reaction of single assets to exchange rate movements, and of risk premia, which reveal whether investors have to be compensated by a higher expected return because the exchange rate risk or other risks are not diversifiable.
Substituting equation (2) into equation (1), rearranging terms and observing variables as times series results in
The APT model, presented in equation (3), is a system of seemingly unrelated non-linear regressions with (N-1)K cross-equations restrictions (imposing that the s ' λ are the same for each of the N securities). In our study, it is estimated using the ITNLSUR (Iterated Nonlinear Seemingly Unrelated Regressions) technique developed by Burmeister and McElroy (1988) .
Before estimating the model, macroeconomic risk factors have to be selected. According to the "Discounted Cash Flow Model", which assumes that prices of assets are determined through their expected discounted dividend payments, factors have to be selected that are potentially responsible for the determination of these payments. For our investigations, we use a survey indicator of the German business climate, the inflation rate, the term structure, a (residual) market factor, and, in particular, the US dollar. These factors are similar to those proposed by Chen et al. (1986) , who pioneered the macroeconomic variables approach of estimating the APT. Since only unexpected components of macroeconomic time series can influence asset returns in efficient capital markets, we calculate unexpected variation applying ARMA-and ARIMA-filtering techniques.
A problem with including the market risk in the estimations of equation (3) is that overall market exposure m r which in empirical studies is represented by broad market indices such as the DAX or the DAFOX, includes several driving factors of which exchange rate risk might be a significant one. Therefore, if stock returns are regressed on macroeconomic variables and on the return of a proxy for the market such as the DAX and the DA-FOX results for the macroeconomic variables might be insignificant simply due to the fact that part of the influence is not direct but absorbed by the market proxy. To circumvent this problem, we apply a strategy well known from testing APT. McElroy and Burmeister (1988) introduced the use of the so called "residual market factor" which implies orthogonalization of overall market risk vis-à-vis the other risk factors to disentangle "pure" market risk besides the other macroeconomic risk factors employed in the estimation. Thus, we estimate an auxiliary OLS regression to capture that particular fraction of aggregate market risk which was induced by exchange rate fluctuations: In equation (4) 3 This procedure is also used by Entorf and Jamin (2003) .
4 VIAG and Henkel were excluded as their returns are not available for the whole estimation period.
5 See Sauer, A. (1994) , p. 102. • Term structure: Difference between the 10-year rate on German government bonds and the 1-month money market rate, both calculated by the Deutsche Bundesbank (Frankfurt).
• Residual market factor: This variable is estimated on the basis of the DAFOX ("Deutscher Aktien-Forschungs-Index"), a broad German stock-market index generated for scientific research purposes, obtained from the KKMDB data base. DAFOX is a
Laspeyres performance index including all stocks traded at the Frankfurt stock exchange. It is a generally acknowledged substitute for the overall German stock market portfolio.
• US dollar: Growth rate of the closing price of the US dollar at the Frankfurt foreign exchange market. Estimation results reveal that the exposure to exchange-rate risk is not constant over time.
Results

First
The sensitivity of DAX stock returns with respect to dollar returns is documented in Table   1 . The estimates of the remaining factor sensitivities and of risk premia are displayed in the Appendix. Table A1 displays estimated factor sensitivities for the business climate variable. They, too, turn out to be unstable depending on the time period under consideration.
During the first period from 04/77 -12/79, the relationship turns out to be negative, which is counterintuitive since an improved business climate should result in improved expectations of firm profits. The sign is positive throughout the remaining estimation periods. Results for the inflation variable are shown in Table A2 . During the first three periods, signs of factor sensitivities are negative. This might imply, contrary to the Fisher hypothesis, that investors expect a negative impact of increasing money depreciation on firm profits. The relationship becomes positive in the fourth period from 01/91 -03/95, when 26 of the 28 estimated factor sensitivities are significant at the 5 % level. Table A3 shows the results for the term structure variable. Throughout all estimation periods the relationship between changes in the term structure and stock returns is negative.
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The sensitivity becomes even stronger over time: the number of companies with significant factor sensitivities increases from 7 in 04/77 -12/79 to 24 in 01/91 -03/95. This result is in accordance with the rational expectations hypothesis of the term structure, as an increase in the term structure implies the expectation of increasing future interest rates, and therefore a heavier discounting of future profits. Table A4 , finally, displays parameter estimates for the residual market factor. All estimated coefficients are positive and highly significant. As expected, the market return covers the most important influence of individual asset returns.
During the first period from 04/77 -12/79, the risk premia for the business climate, inflation, the term structure and the dollar are significant at the 95 % level (see Table A5 ) which implies that these risks are not diversifiable, and therefore investors have to be compensated with a higher expected return for bearing these risks. During the second period from 01/80 -12/85, only the dollar and the residual market risk are significant. The third period from 01/86 -12/90 shows inflation to be significant, whereas in the fourth period none remains significant. This might reflect the increasing efficiency of markets, where, due to the global integration of financial markets and sophisticated derivative instruments, more and more risks can be hedged, such that the exchange rate risk is not priced. Apparently, risk premiums are unstable over time, and therefore one might question the validity of APT modeling in detecting the impact of macroeconomic risk factors on stock prices. However, as was already stressed in the introduction to this study, the main purpose of estimating an APT model is not to see whether macroeconomic risks are priced, but to isolate exchange rate exposure and to test its stability as well as to compare the results to studies using different methodologies such as e.g. Entorf and Jamin (2003) . The obvious result is that the exposure to dollar movements are statistically significant and time-variant which confirms the findings of the other studies referred to in the introduction.
Conclusion
According to many financial market analysts, there should have been a negative correlation between German stock market returns and the former DM/$ rate. After the introduction of the common European currency, the euro, the same should apply to the euro/$ rate.
This supposition is based on Germany's export strength, such that any depreciation of the German/European currency would mean good news to German companies.
This article tries to shed some light on the dollar exposure of German DAX companies by using APT modeling. We have estimated an APT specification using five different macroeconomic risk factors including the return of the dollar and a residual market factor representing the general market risk not covered by the other risk factors. Separating the period from 1977 -1995 into four sub-periods, we find a time-varying dollar exposure. While currency exposures are significantly negative at the beginning of the 80s, they change their sign in the late 80s and early 90s. Therefore, we confirm similar results of Entorf and Jamin (2003), who also find time-varying dollar exposure with negative sign in the first half of the 80s using rolling-window estimation techniques.
The novelty of our approach is to simultaneously consider exchange rate exposure and risk-premia of macroeconomic risk factors. We find that also risk premia are unstable over Notes: APT factor sensitivities estimated using the procedure described in chapter 2, eqn.
(1) -(3). t-statistics in parentheses. Notes: APT factor sensitivities estimated using the procedure described in chapter 2, eqn.
(1) -(3). t-statistics in parentheses. 
